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ABSTRACT

Tetraselmis sp., a green flapellate, shows promise as a
good source for larval crustaceans. This paper digscusses culture
techniques. Typical densities produced in the mass-~culture tanks
ranged from 275,000 to 450,000 cells per ml,

INTRODUCTTION

Phytoplankton is a necessary part of the diet of many aquatic
organisms. Many crustaceans, including penaeids, require phyto-
plaunkton as food during their early larval stages (Hudinaga,

1942; Cook and Murphy, 1966, and Mock and Murphy, 1970), Cocnsc-
quently, in any attempt to tvear penacid shrimp from eggs, arrange-
ments must be made to assure a plentiful supply of algal food
during the protozoeal stage of development,

Hudinaga (1942) in his early work used the diatom Skeletonema
costatum which he considered to be an excellent food for larval
‘shrimp. Cook and Murphy (1966) and later Mock and MMurphy (1970)
used Skeletonema sp. to feed shrimp larvae at the Galveston

Laboratory. 7They also used other algal organisms as food, com-
paring these with Skeletonema.
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Tn 1965 we isolated a grecn flagellate from water samples
collected from Hast Lagoon, Galveston, This orpganism was main-
tainad in the laboratory until 1971 when we began testing it as
a possible food for shrimp. 1. C. Bold, Department of Botany,
University of Texas at Austin {personal cormunication) with
corraboration by Richard Norris, Department of Botany, University
of Washington, Secattle, Washington (personal communication),
identified the genus as Tetraseclmis chuii. Tetraselmis is
alternately known as Platymonas, but, in our work we follew the
classification of Butcher (1959) who claims that Tetraselmis out-

dates Platymonas.

The purpose of this paper is to describe the techniques used
for mass culturing Tetraseclmis at the CGalveston Laboratory of the
National Marine Fisheries Scrvice,

METRODS AND MATERIALS

Stock culturcs of Tetraselmis are maintained in 16 x 125 mm
screw-cap glass cualture tubes. Cultures to produce inoculum are
also started in these tubes and transferred later to 25 x 200 mm
screw-cap glass culture tubes. The next container used is a 3-
liter glass carboy, and the [inal culture container is a
rectangular polyethylene tank of approximately 340~liter capacity.

All glassware is washed thoroughly and autoclaved. The
plastic culture tanks are scrubbed and then rinsed with dilute
nitric acid to remove the carbonate particles that form on the
sides and bottom of the tank. The coantainer is then rinsed once
more, allowed to drain, and placed under an ultraviolet sterilizer
(Criffith, 1971).

Stock cultures of Tetraselmis are maintained in sterilized
artificial seawater medium referred to as "NII'' or "NH 15" {Cates
and Wilson, 1960). This is not a medium that promotes deuse
growth but one in which the cells are sustained 1i good condition.
Maintenance tubes of Tetraselmis are sub~-cultured at 4-day
intervals to keep the alga reprcducing actively. Salinity of the
N medium is 28 ppt and culture room temperature is 24 C -+ 2.
Cultures are kept under constant illumination about 5 cm from
two 30-watt cool white fluorescent tubes, producing approximately
4,000 foot candles of light at the outside surface of the tubes.,

Cultures used as inocula must be started approximately 16
days prior to the first harvest from the 340-liter tanks. AL
this time two 16 x 125 mm culture tubes containing NH medium are
inoculated with maintenance stock. The cells reproduce for 4
days in the two small tubes, and are then dispensed equally into
three 25 x 200 mm tubes of NH medium., After 4 days the three
large culture tubes are emptied into a 9-liter glass corboy con-
taining 2 liters of enriched artificial seawater,

The algal cclls are kept in suspension by a magnetic stir
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bar and stirring motor. Then on successive days, the volume in
the carboy is doubled by adding first 2 liters then 4 liters of

enriched artificial seawater. Nothing is added to the carboy on
the 4th day. On the morning of the 5th day, 96 hours after
jnoculation of the carboy, it is ready to use as inoculum for a

large culture tank.

Then enriched artificial seawater used for the large cultures
is made with Instant Ocean® and tap water (salinity 28 ppt) plus
the following additives per 100 litevrs: potassium nitrate, 10 g;
EDTA (cthylene-dinitrilo tetracetic acid di-sodium salt), 1 g;
ferric ammonium sulfate, 1 g; and 400 ml Tris buffer (2~amino-2-
hydroxy-methyl-1, 2 propanediol) adgusted to pH 8. 3 W1Lh concen-

tratoed hydrﬂﬂhlﬁllb acid.,

Similar to the carboy method above, the large cultures are
ready for harvest on the morning of the fifth day. Preceding the
day the culture is started, artificial seawater is prepared in a
large rescervoir container by mixing Instant Ocean and tap water
to 28 ppt salinity. " ‘fThe algae are cultured as follows in a 340-

liter tank:

Anount of Amount of Rﬁﬂg; Amount of Inoculation

Day of Instant Ocean EDTA, TFeNH,(50,), Tris buffer v/ prepared
culture added : __added ____added Tetraselmis - Harvest
lst day 100 liters 10 g KNO3, 1 g EDTA
: ' ' l g FeNH, (80,) 9 400 wl B liters None
2ad day 100 liters 20 g KNODy, 1 g EDTA | , ‘
2 g FeNH, (80z), 400 ml Nene . Nong
 3rd day 100 liters =~ - 30 g KNOq, 3 g EDTA | :
B Jg FENH&(Sﬂa}z_ 400 m}l Rone o None
4th day None . None None ' None None
5th day | Rone - None o None  Nene _5_ All of

culture

Aeration and circulation of cultures in the 340-liter tanks
are accomplished using the circulator described by Salser (Ms).
Compressed air is uscd for aeration. The circulating deviec
provides for continuous turnover of all the water in the tank,
exposing all cells to the light source, which consists of a
sexrics of 10 cool white 86-watt, 183-cm flourescent tubes sus-
pended approximately 15 e¢m above the surface of the water, pro-

ducing about 32,292 lux of light at the water surface.

2The usc of trade names in this publication dGES not imply
endorsement of commercial products.
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The temperature is maintained at 21 4+ 2 C during mass culture
of Tetraselmis., Cell counts of the cultures are made with a
hemacytometer., After cell counts are made, the cultures are
harvested by centrifuging the cells out of the culture medium with
a De Laval Model 108 milk separﬂtur.3 Zein~Eldin {(Galveston
Laboratory, personal cosmunication) tas observed that spent algal
medium is toxic to postlarval shrimp. The concentrated algal

~cells are either used as Lood immediately or can be preserved for

future use by freezing or by freeze-drying (Brown, 1972).

RESULTS AND DISCUSSIONS

Typical densities produced in the mass-culture tanks with
these methods vange from 275,000 to 450,000 cells per ml. These

~cultures are maintained in the log-phase of growth to standardize
the quality of the cells., We have produced cultures with as many

as 1,500,000 cells per ml by continuing the culture more than
4 days.

Tetraselmis is an adaptable culture organism. It will thrive
in outsidc tanks with natural light or under laboratory conditions
with various light sources. Tetraselmis maculata was maintained
in darkness at 20 C for 24 weeka and =ubn9quently resumed growth
(Antia and Cheng, 1970). Yanase and Tmai (1968) tested light
jntensity for the related Platymonas sp. and found optimum light
to be from 4,500 te 8,000 lux, They obtained maximum cell concen-
trations at 23 to 25 C. In our work, outdoor mass cultures have
grown at temperatures from 15 to 35 C with only natural light.

Tetraselmis has produced cultures dependably in natural and
artificial seawater medium with up to 1,000,000 cells per ml, We
have had suitable cultures in natural se&water ranging in salinity
from 15 ppt to 36 ppt and in artificial seawater from 22 ppt to
36 ppt. Sixty percent of the volume of outdoor scawater cultures,
fertilized with nitrale, EDTA, and iron can be harvested daily.
Under these conditions cultures continue to grow as long as &4
weeks, Contamination with other organisms can occasionally ne-
cessitate discontinuing a culture. Tetraselmis cultures have
sometimes been contaminated with a phagotrophic dinoflagellate
tentatively identified as Oxyrrhis sp. This can completely
decimate a culture in 24 hours,

The volume of the culture of Tetrnqe]glg does not appear to
affect the final number of cells per ml, a have had peak num-~
bers 0of cells in cultures from 10 ml in tubes to at least 10,000
liters in shrimp culture tanks., Culture medium may be gently
stirred with air in some large cultures or vigorously agitated
as in our mass culture Lechniques with no apparent harmful effect

on the cells.

e

Jhe use of trade names in this publication does not imply
endorsement of commercial products.
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Experiments designed to stimulate cell division of Tetrasel~
mis have been conducted in our laborvatory. Thiamine-di=-
E;Efﬂchloride, cobalamine, calcium-d-pantothenic acid, riboflavin,
B-indole-acetic acid, nicotinic acid amide, and giberellic acid
have been added to cultures of the alga in artificial seawater
medium, All additions were without effect except nicotinic acid
amide which was detrimental,

Tetraselmis has been used as a food for scveral larval .
animals. Walne (1970) reported Tetraselmis sp. including T. chuii
as an outstanding food for the juvenile bivalves Crassostrea
ostrea, Mercenaria sp. and Mytilus sp. Biologists for the State
of Texas are using the flagellate as satisfactory food for larval
red drum, Scilaenops ocellata, Nimura (1967) found that brine
shrimp, Artemia, neced feod with chlorophyll to provide the hoemo-
globin necessary for formation ¢f viable resting eggs. Apparcntly
Tetraselmis provides suitable nulrients since we have grown
Artemia through all of its stages with this alga as the only food
source. We have also cultured rotifers, Brachionus plicatilis
using Tetraselmis as the only food. Development of larvae of
Penacus sectiferus and P, aztecus is normal, and growth of the
Protozoea 11 instar has been more rapid with Tetraselmis as the
- food source than with Skeletonema (C. R. Mock, Galveston Labora-

tory, personal communication),
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